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The  long-term  stability  of  inexpensive  metal  matrix  of  cathodes  is  one  of  the  most  important  factors 
limiting  the  scaling-up  of  air-cathode  microbial  fuel  cells  (MFCs).  We  demonstrate  that  the  wet  proofing 
by  polytetrafluoroethylene  (PTFE)  increases  the  performance  of  nickel  foam  cathode  in  MFCs.  After  the 
water  proofing  is  applying  on  the  nickel  foam  (Ni-W),  a  corrosion  inhibition  efficiency  of  97%  is  obtained 
by  the  measurements  of  potentiodynamic  polarization.  Using  Pt  as  the  catalyst,  the  maximum  power 
density  of  MFC  using  wet  proofed  cathode  (Ni-W-Pt)  is  0.69  ±0.01  Wnrr2,  with  a  value  of  35%  higher 
than  0.51  ±0.01  Wrrr2  of  non-wet  proofed  cathode  (Ni-NW-Pt).  Oxygen  mass  transfer  coefficient  (/<) 
of  Ni-W-Pt  cathodes  is  0.68  ±  0.06  x  1 0-4  cm  s_1 ,  which  is  53%  lower  than  1 .46  ±  0.07  x  1 0-4  cm  s-1  of 
Ni-NW-Pt,  resulted  in  an  enhancement  on  CEs  after  wet  proofing.  Wet  proofing  on  nickel  foam  also 
decreases  the  soluble  Ni2+  concentration  by  two  orders  of  magnitude  during  10  cycles,  showing  that  the 
pretreatment  significantly  enhances  the  stability  of  metal  cathode. 

©  201 1  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

Microbial  fuel  cell  (MFC)  is  an  emerging  and  promising  tech¬ 
nology  for  direct  bioelectricity  generation  with  simultaneous 
wastewater  treatment  [1-3].  A  main  challenge  to  scale  up  MFCs  is 
the  development  of  inexpensive  cathode  materials  with  high  per¬ 
formance  [4,5].  Thus,  improving  performance  and  reducing  cost 
for  practical  application  of  MFCs  are  two  main  challenges  that 
researchers  should  face  [6]. 

Single-chambered  membrane-less  air-cathode  MFCs  were  con¬ 
sidered  to  be  more  practical  for  application  than  two-chamber 
MFCs  because  the  membrane-less  design  and  the  direct  use  of  oxy¬ 
gen  from  air  as  the  electron  acceptor  significantly  improved  the 
overall  power  output  and  decreased  the  operational  cost  of  MFCs 
[7,8].  In  this  system,  the  cost,  performance  and  long-term  stability 
of  the  electrodes  are  much  more  essential  than  other  factors  when 
it  is  considered  for  application  [9,10].  Recently,  we  have  shown 
a  promising  and  very  inexpensive  carbon  mesh  for  overcoming 
the  high  costs  of  the  anode  ($10-40  m-2)  [11].  Rozendal  et  al.  [4] 
reported  that  the  costs  of  anodic  and  cathodic  matrix  accounted  for 
9.4%  and  47%  of  total  costs,  respectively,  indicating  that  the  expen¬ 
sive  cathodic  matrix  restricted  the  scale  of  MFCs.  Therefore,  the 
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low-cost  and  stable  cathodic  materials  are  needed  to  be  investi¬ 
gated. 

Recent  researches  proved  that  the  traditional  high-cost  cathodic 
materials  (such  as  carbon  cloth)  can  be  replaced  by  inexpensive 
metal  meshes  such  as  stainless  steel  mesh  [12,13].  Metal  meshes 
have  many  potential  advantages  over  carbon  cloth  as  cathodic 
materials  including  the  excellent  conductivity,  low  ohmic  resis¬ 
tance,  high  mechanical  strength,  large  volume  fraction  of  gas-filled 
pores  and  low  cost  for  large-scale  application.  Nickel-based  mate¬ 
rials  have  been  demonstrated  to  give  a  remarkable  performance  as 
cathodes  in  MFCs  [14]  and  microbial  electrolysis  cells  [15,16].  Our 
previous  studies  reported  a  maximum  power  density  of  4Wm-3 
when  nickel  foam  was  used  solely  as  biocathode  material  in  a 
two  chambered  MFC.  However,  the  Ni2+  concentration  of  catholyte 
increased  from  0.1  to  0.5  mg  L-1  at  the  end  of  a  fed  batch  cycle, 
showing  that  the  slow  corrosion  was  taken  place  at  the  cath¬ 
ode  [17].  In  addition,  the  similar  corrosion  phenomenon  was  also 
reported  in  the  microbial  electrolysis  cells  [15,18].  Although  the 
nickel  has  been  used  as  the  cathodic  material  of  MFCs,  the  corro¬ 
sion  resistance  and  long-term  stability  of  nickel  electrode  had  not 
been  examined  in  these  studies. 

It  had  been  reported  that  the  performance  of  air  cathode  can 
be  improved  by  applying  different  coatings  (such  as  carbon  cloth 
and  stainless  steel  mesh)  because  of  the  preventing  the  water  leak¬ 
age  of  air  cathode  matrix  and  the  decreasing  the  water  flooding 
of  the  catalyst  [12,19].  The  inexpensive  polytetrafluoroethylene 
(PTFE)  was  the  most  widely  used  with  the  advantages  of  strong, 
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resistant  to  acids,  bases,  solvents,  hydrophobic  and  oxygen  perme¬ 
able,  making  it  possible  to  be  applied  as  the  wet  proofed  coating 
to  improve  the  stability  of  the  mesh  surface.  In  this  study,  PTFE 
was  used  to  make  a  wet  proofed  coating  on  the  surface  of  nickel 
foam.  By  comparing  non-wet  proofed  and  wet  proofed  nickel  foam 
as  a  substitute  for  the  commonly  used  expensive  carbon  cloth  as 
the  electrode  matrix  in  single-chambered  air-cathode  MFCs,  the 
performance  of  MFCs  using  Pt  catalyst  were  individually  investi¬ 
gated.  The  performance  and  the  stability  were  evaluated  in  terms 
of  power  production,  Coulombic  efficiencies  (CEs),  corrosion  inhi¬ 
bition  efficiency,  corrosion  potential  and  Ni2+  concentration  during 
the  tested  period. 

2.  Materials  and  methods 

2  A.  Cathodes 

The  air-cathodes  used  here  were  composed  of  the  electrode 
matrix  (nickel  foam,  wet  proofed  or  non-wet  proofed),  the  catalyst 
(Pt)  and  the  diffusion  layers  (four-coating  PTFE).  The  nickel  foam  of 
110  openings  per  square  inch  (110  PPI,  surface  density:  380  gm-2, 
thickness:  1.6  mm,  Canafull  Industry  Co.,  LTD)  was  either  used  as 
supplied  by  the  manufacturer  (non-wet  proofed)  or  coated  with 
PTFE  (wet  proofed).  The  wet  proofing  was  performed  by  applying 
30  wt%  PTFE  solution  (32  [xLcm-2  of  the  electrode  matrix)  onto  the 
nickel  foam,  air-drying  at  room  temperature  for  2  h,  followed  by  a 
heating  at  370  °C  for  0.5  h.  On  the  air  facing  side  of  each  cathode, 
one  carbon  base  layer  and  four  PTFE  diffusion  layers  were  applied 
as  previously  described  [19].  Pt/C  (0.35  mg  cm-2,  Cl -10  10%  HP  Pt 
on  Vulcan  XC-72,  BASF,  USA)  was  then  applied  onto  the  nickel  foam 
(wet  proofed  or  non-wet  proofed)  with  Nation  binder  according  to 
the  procedure  reported  by  Cheng  et  al.  Carbon  cloth  (CC,  B-l  Desig¬ 
nation  B,  30%  PTFE-based  wet  proofed,  Clean  Fuel  Cell  Energy,  LLC, 
USA)  cathodes  with  Pt  catalyst  (0.35  mg  Pt  cm-2,  Nation  binder) 
were  made  as  the  controls  [19]. 

2.2.  MFC  configuration  and  operation 

According  to  the  previous  studies,  single-chambered  air- 
cathode  cubic-shaped  MFCs  with  an  electrode  spacing  of  4  cm 
were  constructed  and  operated  at  1000  C2  external  resistor  except 
as  noted  [8]  in  a  30 °C  constant  temperature  room.  The  anodes 
were  made  of  non-wet  proofed  carbon  cloth  (E-TEK,  USA).  Reactors 
were  inoculated  with  the  effluent  (acclimated  from  the  primary 
clarifier  overflow  of  the  local  wastewater  treatment  plant)  of  an 
MFC  operated  for  over  1  year  using  acetate  (l.OgL-1)  as  fuel  and 
fed  with  artificial  wastewater  containing  acetate  (l.OgL-1)  as  an 
energy  and  carbon  source.  50  mM  phosphate  buffer  solution  (PBS, 
pH  7.0)  containing  (per  liter  deionized  water):  KC1,  0.13  gL_1; 
NaH2P04-2H20,  3.32gL-1;  Na2HP0412H20,  10.32gL-1;  NH4C1, 
0.31  gL-1,  and  metal  (12.5mL)  and  vitamin  (5mL)  solutions  [20] 
was  added  to  increase  the  conductivity  and  buffering  capacity.  All 
the  reactors  were  refilled  with  fresh  media  each  time  when  the 
voltage  decreased  to  less  than  30  mV  forming  one  complete  cycle 
of  operation.  Each  reactor  had  a  duplicate. 

2.3.  Chemical  and  electrochemical  analysis 

Energy  dispersive  X-ray  spectroscopy  (EDS)  was  performed  to 
analyze  the  elemental  composition  (15  kV)  using  a  Hitachi-S-4700 
analyzer  coupled  to  a  scanning  electron  microscope  (SEM,  Hitachi 
Ltd.  S-4700)  [21].  The  corrosion  resistances  were  measured  using 
the  potentiodynamic  polarization  technique  in  a  single-chambered 
electrochemical  cell  (4  cm  in  length,  3  cm  in  diameter).  The  cell  was 
consisted  of  a  working  electrode  (tested  nickel  electrode,  7  cm2 
of  projected  surface  area),  a  counter  electrode  (Pt  plate),  and  an 


Ag/AgCl  reference  electrode  (Spsic-Rex  Instrument  Factory,  China), 
with  the  working  electrode  exposed  to  a  50  mM  PBS  solution  (pH 
7.0).  The  polarization  curves  of  corrosion  were  obtained  starting 
from  open  circuit  potential  (OCP)  up  to  0.2  V  (anodic  Tafel  plot) 
versus  open  circuit  potential  (OCP)  and  down  to  -0.4  V  (cathodic 
Tafel  plot,  vs.  OCP)  at  the  scan  rate  of  1  mV  s-1  using  a  potentiostat 
(model  263A,  AMETEK-AMT,  USA)  [22].  Linear  polarization  resis¬ 
tance  was  also  measured  using  the  potentiostat,  with  the  scanning 
potentials  varied  from  -0.020  V  to  +0.020  V  versus  OCP  of  work¬ 
ing  electrode  at  a  scan  rate  of  0.5  mV  s-1  [23].  The  measurement  of 
oxygen  permeability  was  conducted  by  fixing  a  non-consumptive 
fiber  optic  dissolved  oxygen  (DO)  probe  (FOXY,  Ocean  Optics  Inc., 
Dunedin,  FL)  into  the  center  of  the  4  cm  cubical  reactor  filling  with 
deionized  water.  The  water  used  for  DO  tests  was  degassed  by  stir¬ 
ring  in  a  glovebox  (mini  MACS,  DWS)  for  at  least  48  h  to  remove 
oxygen.  Before  each  measurement,  the  probe  was  calibrated  by  two 
point  method  [24].  Ni2+  concentration  was  analyzed  via  inductively 
coupled  plasma  atomic  emission  spectroscopy  (ICP-AES;  Optima 
5300DV,  Perkin-Elmer,  MA). 

2.4.  Calculations 

The  corrosion  potential  (Ec orr,  V)  was  obtained  from  the  Tafel 
plots.  The  slope  of  the  linear  polarization  resistance  at  corrosion 
potential  was  obtained  as  polarization  resistance  Rp  (£2  cm2).  Cell 
voltages  (E,  V)  across  external  resistors  were  collected  and  recorded 
with  a  time  interval  of  30  min  using  a  data  acquisition  system 
(PISO-813,  ICP  DAS  Co.,  Ltd.)  connected  to  a  personal  computer. 
Current  density  ( i  =  E/AR )  (i,  Am-2)  and  power  density  ( P=iE )  (P, 
Wm-2)  were  calculated  as  previously  described,  where  R  (£2)  is 
the  external  resistor,  A  (m2)  is  the  projected  surface  area  of  the 
cathode  [19].  Coulombic  efficiency  (CE)  was  calculated  according  to 
CE  =  Qr/Qth  x  1 00%,  where  Qr  (C)  is  calculated  by  integrating  current 
over  time  in  a  complete  cycle  and  Qth  (C)  is  the  theoretical  amount 
of  Coulombs  calculated  based  on  the  COD  removal.  To  obtain  the 
polarization  curves  and  power  density  curves  as  a  function  of  cur¬ 
rent,  different  external  resistors  were  applied  in  a  complete  batch 
cycle,  with  a  series  of  resistances  varied  from  the  open  circuit 
voltage  (OCV)  to  50  £2  in  decreasing  order  every  30  min.  Oxygen 
permeability  of  the  cathode  was  measured  in  term  of  the  mass 
transfer  coefficient,  k0  (cms-1),  by  measuring  the  DO  concentra¬ 
tions  over  time  using  the  mass  balance  [19]: 


where  v  (mL)  is  the  liquid  volume  of  the  reactor  (28  mL),  C0  (mg  L-1 ) 
is  the  saturated  oxygen  concentration  at  30  °C  (7.6  mg  L-1),  and 
C  (mgL-1)  is  the  DO  concentration  of  the  solution  at  time  t  (s). 
The  inhibition  efficiencies  (IE%)  were  calculated  from  polarization 
curves  of  corrosion  according  to 

IE%  _  100  x  (*corr  ~  *corr) 

*corr 

where  t°orr  (A  cm-2)  is  the  corrosion  current  in  the  absence  of  the 
corrosion  inhibitor  (PTFE),  iCOrr  (A cm-2)  is  the  corrosion  current  in 
the  presence  of  the  inhibitor  [22]. 

3.  Results  and  discussion 

3A.  Characteristics  of  different  nickel  foam  cathodes 

SEM  images  showed  that  porous  cell  structures  of  the  wet 
proofed  nickel  foam  were  well  covered  by  PTFE  (Fig.  1C  and 
D),  while  the  non-wet  proofed  nickel  foam  had  a  porous  three- 
dimensional  network  as  the  physical  property  of  the  material  itself 
(Fig.  1 A  and  B).  The  EDS  results  (Table  SI )  showed  that  the  surface  of 


102 


J.  Liu  et  al.  /  Journal  of  Power  Sources  198  (2012)  100-104 


Fig.  1.  Scanning  electron  microscope  (SEM)  images  of  non-wet  proofed  matrix  (A,  45  x;  B,  lOOx)  and  wet  proofed  matrix  (C,  50x;  D,  250x)  of  nickel  foam. 


the  wet  proofed  nickel  foam  was  composed  of  C  (49.65%),  F  (30.65%) 
and  Ni  (19.69%)  compared  with  100%  Ni  of  the  non-wet  proofed 
nickel  foam,  which  was  in  agreement  with  SEM  images  in  Fig.  1. 

3.2.  Corrosion  inhibition  efficiency 

The  corrosion  inhibition  efficiency  of  nickel  foam  was  evaluated 
when  PTFE  was  used  as  the  inhibitor  facing  to  the  corrosion  medium 
(50  mM  PBS).  Potentiodynamic  polarization  behavior  (Fig.  2A) 
showed  a  significant  change  on  ECorr  value  of  nickel  foam  in  the 
absence  and  presence  of  wet  proofing.  Wet  proofing  on  nickel  foam 
drove  the  corrosion  potential  by  more  than  0.1 5  V  towards  the  pos¬ 
itive  direction,  showing  that  the  corrosion  was  effectively  inhibited 
after  wet  proofing,  which  was  in  accordance  with  previously  stud¬ 
ies  [25,26].  The  corrosion  current  of  the  wet  proofed  nickel  foam 
was  significantly  decreased  from  0.66  pA  to  0.018  pA  compared 
with  non-wet  proofed  nickel  foam,  indicated  that  the  wet  proofed 
nickel  foam  in  50  mM  PBS  impeded  the  development  of  aggressive 
conditions  and  reduced  the  dissolution  of  metal.  The  polariza¬ 
tion  resistance  (Rp)  values  were  determined  from  the  slopes  of 
the  potential  versus  current  plots  (Fig.  2B).  With  Pt  catalyst,  the 
wet  proofing  increased  the  Rp  of  nickel  foam  by  273%  from  41  to 
153  C2  cm2  with  an  IE  of  97%  (PTFE  as  inhibitor),  indicated  that  the 
PTFE  coating  effectively  inhibited  the  corrosion. 

3.3.  Performance  of  MFCs  using  different  cathodes 

The  period  of  inoculation  lasted  for  1 00-150  h.  MFCs  with  differ¬ 
ent  cathodes  produced  repeatable  voltages.  Using  Pt  as  the  cathode 
catalyst,  similar  voltages  of  510  ±4  mV  were  obtained  in  MFCs 
using  both  Ni-W-Pt  and  carbon  cloth  with  Pt  catalyst  (CC-Pt)  cath¬ 
odes,  which  were  11%  higher  than  that  of  Ni-NW-Pt  (460  ±  5  mV). 
Not  as  the  repeatable  voltages  obtained  in  MFCs  using  Ni-W-Pt  and 
CC-Pt,  the  maximum  voltages  of  Ni-NW-Pt  were  slowly  decayed 
after  several  feeding  cycles.  This  could  be  attributed  to  the  neg¬ 
ative  effect  of  the  Ni2+  generated  from  the  corrosion  of  cathode 


matrix  (see  below)  on  the  metabolic  activity  of  anodic  bacteria 
during  start-up  period  (Fig.  SI). 

According  to  the  polarization  curves  (Fig.  3A),  the  same  max¬ 
imum  power  density  of  0.68  ±  0.02  Wm-2  was  observed  in  MFCs 
using  Ni-W-Pt  and  CC-Pt,  which  was  35%  larger  than  the  power 
density  obtained  with  Ni-NW-Pt  (0.51  ±0.02 Wm-2).  Potential 
analysis  (Fig.  3B)  showed  that  the  increase  on  maximum  power 
densities  were  attributed  to  the  more  negative  anode  potentials 
and  more  positive  cathode  potentials  observed  in  Ni-W-Pt  than 
those  obtained  in  Ni-NW-Pt  over  the  current  density  range  from 
0  to  3.7  Am-2.  The  reason  for  the  decrease  on  anode  performance 
of  Ni-NW-Pt  could  be  the  biological  toxicity  of  relative  high  con¬ 
centration  of  Ni2+  (see  below).  Although  the  oxygen  mass  transfer 
coefficient  of  Ni-W-Pt  was  lower  than  that  of  Ni-NW-Pt  due  to  wet 
proofing,  the  cathode  potential  of  the  Ni-W-Pt  was  higher  than  that 
of  Ni-NW-Pt.  This  could  be  attributed  to  the  loss  of  surface  conduc¬ 
tivity  when  the  serious  corrosion  had  taken  place  on  the  cathode 
of  Ni-NW-Pt. 

Applying  PTFE  coating  on  the  nickel  foam  cathode  slightly 
increased  CEs  (Fig.  4).  The  CEs  of  Ni-NW-Pt  were  varied  from  24%  to 
5 1  %  depending  on  the  external  resistance.  Within  the  same  range  of 
resistance,  comparable  CEs  varied  from  29%  to  63%  were  observed 
in  MFCs  using  Ni-W-Pt  and  CC-Pt.  The  maximum  CE  of  62%  was 
obtained  at  an  external  resistance  of  100  £2  in  the  MFC  with  Ni- 
W-Pt,  which  is  over  22%  higher  than  that  of  MFCs  using  Ni-NW-Pt 
(51%)  at  the  same  resistance.  Fligher  CEs  achieved  by  MFCs  using 
wet  proofed  nickel  foams  indicated  that  the  wet  proofing  effectively 
reduced  the  oxygen  diffusion  through  the  cathode  [8,27]. 

3.4.  Oxygen  permeability  of  the  cathodes 

The  oxygen  mass  transfer  coefficient  (/<)  of  Ni-W-Pt 
was  0.68  ±0.06  x  10-4cms-1,  which  was  53%  lower  than 
1.46  ±0.07  x  10-4cms-1  of  Ni-NW-Pt,  showing  that  the  applica¬ 
tion  of  the  wet  proofing  decreased  oxygen  permeation.  The  control 
cathode  of  CC-Pt  with  four  PTFE  diffusion  layers  had  an  oxygen 


J.  Liu  et  al.  /  Journal  of  Power  Sources  198  (2012)  100-104 


103 


Fig.  2.  (A)  Potentiodynamic  polarization  behavior  of  nickel  foam  in  50  mM  PBS. 
Ni-NW:  the  non-wet  proofed  nickel  foam,  Ni-W:  the  wet  proofed  nickel  foam.  (B) 
Linear  polarization  plots  in  the  presence  and  absence  wet  proofed  PTFE  coating  of 
nickel  foam  in  50  mM  PBS.  Ni-W-Pt:  the  wet  proofed  nickel  foam  with  Pt  catalyst; 
Ni-NW-Pt:  the  non-wet  proofed  nickel  foam  with  Pt  catalyst. 

transfer  coefficient  of  1 .1 1  ±  0.08  x  1 0-3  cm  s-1 ,  with  a  value  com¬ 
parable  to  1.2  ±0.1  xlO-3  cms-1  as  previously  reported  [12].  The 
k  value  of  CC-Pt  was  significantly  higher  than  that  obtained  using 
the  nickel  foam  cathode,  which  could  be  due  to  the  difference  in 
matrix  thickness  (carbon  cloth  0.7  mm;  nickel  foam  1.6  mm). 

3.5.  Stability  of  the  cathodes 

All  the  cathodes  were  examined  for  possible  corrosion  by  mea¬ 
suring  Ni2+  concentrations  in  continuous  10  cycles  during  the 
period  of  start-up  (Fig.  5A).  The  soluble  Ni2+  concentration  of  the 
Ni-W-Pt  rapidly  decreased  from  0.98  to  0.1 5  mg  L-1  over  the  initial 
3  cycles  and  then  further  decreased  from  0.1 5  to  0.01  mg  L-1  in  the 
following  3  cycles.  Higher  Ni2+  concentrations  of  1.60-0.40  mg  L_1 
were  observed  in  MFCs  using  Ni-NW-Pt  in  first  6  cycles,  which  was 
consistent  with  0.5  mg  L-1  obtained  in  a  non-wet  proofed  nickel 
foam  biocathode  [17].  The  Ni2+  concentration  of  Ni-W-Pt  stabilized 
at  a  relative  constant  value  of  0.01  mg  L-1  at  cycle  1 0,  while  the  Ni2+ 
concentration  in  MFCs  using  Ni-NW-Pt  was  gradually  decreased  to 
ca.  0.16mgL_1  at  cycle  10.  Wet  proofing  by  PTFE  on  nickel  foam 
decreased  the  Ni2+  concentration  in  solution  during  10  cycles  (from 
cycle  1  to  cycle  10)  by  two  orders  of  magnitude,  showing  that  the 
pretreatment  significantly  enhanced  the  stability  of  nickel  foam 
cathode. 

The  long-term  stability  of  the  cathodes  was  also  investigated 
after  the  MFCs  were  stably  operated  for  60  days.  The  Ni2+  con¬ 
centration  of  the  Ni-NW-Pt  was  higher  than  the  Ni-W-Pt  over 


Fig.  3.  Power  densities  (A)  and  electrode  potentials  (B)  of  MFCs  using  different  cath¬ 
odes  (Ag/AgCl,  195  mV  vs.  SHE).  CC-Pt:  the  carbon  cloth  cathode  with  Pt  catalyst; 
Ni-W-Pt:  the  wet  proofed  nickel  foam  cathode  with  Pt  catalyst;  Ni-NW-Pt:  the  non¬ 
wet  proofed  nickel  foam  cathode  with  Pt  catalyst.  Error  bars  ±  SD  were  based  on 
averages  measured  in  triplicate. 

an  external  resistance  range  from  1000  to  100  £2  (Fig.  5B),  corre¬ 
sponded  with  a  more  negative  cathode  potential  observed  in  Fig.  3B. 
It  can  be  thermodynamically  calculated  from  AG  =  -n  AEF,  more 
negative  electrode  potential  makes  the  corrosion  more  thermody¬ 
namically  favorable,  where  A E  is  the  potential  difference  in  redox 
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Fig.  4.  Coulombic  efficiencies  (CEs)  as  a  function  of  external  resistances  for  MFCs 
using  different  cathodes. 
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Fig.  5.  Ni2+  concentration  in  solution  of  MFCs  with  different  cathodes  in  initial  10 
cycles  (A)  and  Ni2+  concentrations  as  a  function  of  external  resistance  for  MFCs  using 
different  cathodes  (B). 

potential  of  Ni/Ni2+  and  electron  acceptor  (cathode  potential),  F  is 
the  Faraday  constant,  n  is  the  mole  of  electron  transferred  (2  for  Ni 
corrosion).  Thus,  the  primary  mechanism  of  Ni2+  corrosion  could 
be  due  to  the  relative  negative  cathode  potentials.  In  addition,  the 
02  reduction  on  Pt/C  catalyst  possibly  occurred  at  more  negative 
potentials  (£<0.3Vrhe)  on  trace  of  hydrogen  peroxide  formation 
[28,29],  which  made  the  corrosion  of  Ni  more  serious. 

4.  Conclusions 

The  application  of  wet  proofed  PTFE  coating  on  nickel  foam 
exhibited  a  corrosion  inhibition  efficiency  of  97%.  The  use  of  wet 
proofed  nickel  foam  as  cathodic  matrix  (Pt  catalyst)  in  an  MFC 
produced  a  maximum  power  density  of  0.69  ±  0.01  W rrr2,  which 
was  35%  higher  than  that  obtained  in  MFCs  with  non-wet  proofed 
cathode  (Ni-NW-Pt).  The  oxygen  mass  transfer  coefficients  of  the 
wet  proofed  cathodes  were  lower  than  those  of  non-wet  proofed 
cathode,  resulted  in  the  enhancement  of  CEs.  Ni2+  concentrations 


measured  in  solution  demonstrated  that  wet  proofing  on  the  matrix 
increased  the  erosion  resistance  of  nickel  foam  when  it  was  utilized 
as  cathodic  matrix.  The  results  indicated  that  the  wet  proofing  was 
a  promising  method  to  enhance  the  stability  and  performance  of 
metal  cathodic  matrix  in  MFCs. 
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Appendix  A.  Supplementary  data 

Supplementary  data  associated  with  this  article  can  be  found,  in 
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